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Speckle-Tracking 
Echocardiography in 
Cardio-Oncology and Beyond
Speckle-tracking echocardiography has enabled clinicians to detect changes in myocardial 
function with more sensitivity than that afforded by traditional diastolic and systolic func-
tional measurements, including left ventricular ejection fraction. Speckle-tracking echo-
cardiography enables evaluation of myocardial strain in terms of strain (percent change in 
length of a myocardial segment relative to its length at baseline) and strain rate (strain per 
unit of time). Both measurements have potential for use in diagnosing and monitoring the 
cardiovascular side effects of cancer therapy. Regional and global strain measurements 
can independently predict outcomes not only in patients who experience cardiovascular 
complications of cancer and cancer therapy, but also in patients with a variety of other 
clinical conditions. This review and case series examine the clinical applications and overall 
usefulness of speckle-tracking echocardiography in cardio-oncology and, more broadly, in 
clinical cardiology. (Tex Heart Inst J 2020;47(2):96-107)

N oninvasive imaging plays a crucial role in the prevention, diagnosis, and treat-
ment of cardiovascular disease in both cancer patients and cancer survivors. 
Among the different noninvasive imaging methods available, echocardiog-

raphy is inexpensive, widely available, and radiation-free; moreover, during the last 
decade, temporal resolution has greatly improved. Therefore, it is considered the test 
of choice for evaluating heart disease and, now, mechanical function.
 Cardiac mechanics integrate the diverse elastic and contractile forces of cardiac 
myocytes. Cardiac sarcomere structures have 3 different spatial orientations: longi-
tudinal, radial, and circumferential. This arrangement enables efficient myocardial 
contraction, characterized by shortening, thickening, and twisting of the myocardium, 
which can be likened to wringing out a wet towel.1 Whereas conventional echocar-
diography captures the thickening motion of radially oriented myocardial f ibers, it 
cannot accurately show the shortening and twisting motions of longitudinally and 
circumferentially oriented fibers. Consequently, conventional echocardiography can-
not fully differentiate between active and passive myocardial movement.2

 Newer imaging methods such as speckle-tracking echocardiography (STE) and 
tissue-Doppler imaging (TDI) enable clinicians to detect changes in myocardial func-
tion, measured in terms of strain and strain rate, before they can detect changes in left 
ventricular ejection fraction (LVEF). Myocardial strain, or deformation, is the percent 
change in length of a myocardial segment relative to its length at baseline; strain rate is 
the rate of deformation (strain per unit of time).2 Strain is represented by the following 
equation:

(L – L0 ) / L0,

where L is the instantaneous length and L0 is the length corresponding to zero stress.3 
Negative strain represents shortening or compression; positive strain, lengthening or 
expansion.4
 Both STE and TDI can provide global estimates of left ventricular (LV) mechanics 
as well as information about the 3 spatial dimensions of cardiac deformation.5 Unlike 
TDI, however, STE exploits the multiple bright speckles that are produced by the 
reflection, refraction, and scattering of ultrasound beams and captured on a normal 
echocardiogram. Software for STE, regardless of vendor, can generate information 
on myocardial deformation by tracking these speckles frame-to-frame throughout 
the cardiac cycle. Speckle-tracking echocardiography is also angle-independent and 
thus less prone to intra- and interobserver variability.6 Meta-analyses suggest that the 

Review

Raymundo A. Quintana, MD
Linh P. Bui, MD
Rohit Moudgil, MD, PhD
Nicolas Palaskas, MD
Saamir Hassan, MD
Jun-ichi Abe, MD, PhD
Elie Mouhayar, MD
Syed Wamique Yusuf, 

MBBS
Antonieta Hernandez, MD
Jose Banchs, MD

Key words: Antineoplastic 
agents/adverse effects; 
echocardiography, Doppler/
methods; elasticity imag-
ing techniques/methods; 
heart/diagnostic imaging/
drug effects; medical 
oncology/methods; myo-
cardial ischemia/diagnosis; 
reproducibility of results; 
risk assessment/methods; 
stress, mechanical; ventricu-
lar dysfunction, left/chemi-
cally induced/diagnostic 
imaging/physiopathology

From: Department of Medi-
cine (Drs. Bui and Quintana), 
University of Texas Medical 
School and Memorial Her-
mann Hospital; and Division 
of Medicine, Department 
of Cardiology (Drs. Abe, 
Banchs, Hassan, Hernandez, 
Moudgil, Mouhayar, Palas-
kas, and Yusuf), University of 
Texas MD Anderson Cancer 
Center; Houston, Texas 
77030

Dr. Quintana is now at 
Emory University School of 
Medicine, Atlanta, Georgia.

Address for reprints: 
Jose Banchs, MD, 
Department of Cardiology, 
Unit 1451, UT MD Anderson 
Cancer Center, 1515 Hol-
combe Blvd., Houston, TX 
77030

E-mail:  
jbanchs@mdanderson.org



Texas Heart Institute Journal Speckle-Tracking Echocardiography in Cancer Care      97

mean normal strain values derived by STE are –19.7% 
(95% CI, –18.9% to –20.4%) for global longitudinal 
strain (GLS), –23.3% (95% CI, –22.1% to –24.6%) for 
global circumferential strain (GCS), and 47.3% (95% 
CI, 43.6% to 51%) for global radial strain (GRS); note, 
however, that each STE software vendor will report its 
own suggested normal values.7,8 A 2014 meta-analysis 
that included 5,721 patients with diverse cardiovascu-
lar diseases revealed that STE-derived GLS was better 
than LVEF at predicting all-cause mortality and major 
adverse cardiac events.9
 During the last few decades, continued advances in 
cancer therapeutics have greatly improved the over-
all survival rate in cancer patients.10 However, many 
agents have cardiotoxic side effects that can manifest 
themselves early or even years after treatment. These 
side effects depend not only on the chemotherapeutic 
drug and dosage used but also on the susceptibility of 
individual patients. Because a large number of cancer 
patients who experience a decrease in LVEF will not re-
cover full cardiac function without early diagnosis and 
therapy, the use of STE has important clinical implica-
tions.11-13 Speckle-tracking echocardiography can detect 
myocardial dysfunction before a decrease in LVEF and 
enables clinicians to predict which patients will eventu-
ally develop chemotherapy-related cardiac dysfunction 
(CRCD).14,15

 Trastuzumab and anthracyclines are the 2 best-char-
acterized drugs associated with CRCD. In patients with 
breast cancer who receive both, a >10% decrease in peak 
GLS and a decrease in radial strain measured by STE 
predict a symptom-associated decrease in LVEF within 
the next 3 to 6 months.14,16,17 In a systematic review that 
included 1,504 cancer patients undergoing diverse che-
motherapy regimens based on anthracyclines, trastu-
zumab, or both, STE was found to be prognostically 
superior to TDI.18 The investigators for that review also 
demonstrated that a relative decline in GLS of 10% to 
15% was a useful predictor of CRCD.18 Another study 
in cancer patients who were treated with anthracycline-
based regimens analyzed a torsional subepicardial LV 
deformation parameter denoted by LV twist.13 The 
product of LV twist and GLS 6 weeks after chemo-
therapy was the best predictor of subsequent CRCD, 
followed by GLS alone.13 Finally, in a small observa-
tional study that included 52 patients who had received 
trastuzumab, anthracyclines, or both and then experi-
enced a ≥11% drop in GLS, β-blocker treatment was 
associated with a significant improvement (P <0.001) in 
STE-derived GLS and LVEF.19 Only 14 patients in this 
group had a decrease in LVEF consistent with CRCD.19 
Consequently, myocardial deformation could help iden-
tify patients with early LV dysfunction.
 This review will now focus on the clinical application 
of STE to various cardio-oncologic diseases and then 
present specific cases illustrating its use to detect and 

recognize typical patterns of GLS seen on STE-derived 
polar (or “bull’s-eye”) maps in cancer patients.

Cardio-Oncologic Diseases

Radiation-Induced Heart Disease
Radiation therapy (RT), either alone or in combination 
with other cancer therapies, has played a vital role in 
improving the survival of patients with thoracic malig-
nancies such as breast cancer and Hodgkin lymphoma. 
However, exposing the cardiac f ield to radiation can 
injure cardiac structures, leading to coronary artery dis-
ease (CAD), cardiomyopathy, conduction abnormalities, 
valvulopathies, and pericardial disease.20 Even a minimal 
dose of radiation increases the rate of heart disease. Each 
gray (Gy) increase in radiation is associated with a 7.4% 
increase in the incidence of ischemic heart disease, and 
this increased risk typically becomes apparent within 
the first 5 years after exposure and persists for at least 
2 decades.21

 The pathogenesis of radiation-induced heart disease 
involves diverse microvascular changes. Endothelial 
cells become more permeable, followed by neutrophil 
migration into the interstitial space, increased reactive 
oxygen species formation, DNA damage, inflamma-
tion, and eventually fibrosis.22 The damage to affected 
coronary arteries is related to the maximal radiation 
dose distribution. Both the left anterior descending 
coronary artery (LAD) and right coronary artery (RCA) 
are primarily affected in patients receiving mantle field 
radiation. Radiation of left- and right-sided breast can-
cer tends to affect the mid-LAD and proximal RCA, re-
spectively. Arterial stenosis caused by RT usually affects 
the coronary ostia.23-26 Although not yet clinically tested 
for its diagnostic usefulness in patients with radiation-
induced CAD, STE has proved diagnostically useful 
in patients with stable angina and normal LVEF. A de-
crease in regional longitudinal systolic strain can help 
identify the culprit coronary artery. In addition, GLS 
measured at rest enhances the diagnostic performance 
of exercise stress testing.27

 Myocardial damage is another frequent complication 
of RT that can become apparent soon or several years 
after treatment. In one study of acute RT-induced car-
diac dysfunction, women with left-sided breast cancer 
who received adjuvant RT experienced a decrease in 
GLS and strain rate that persisted for up to 6 weeks 
after completing treatment.28 However, no changes in 
LVEF were observed during that time.28 The changes in 
myocardial deformation appear to be dose-dependent. 
In another study, the largest decrease in regional strain 
was seen in the apical peak systolic strain and strain 
rate, measurements corresponding with the segment of 
the heart (in this case, the apex) subject to the highest 
radiation dose.29 However, no concise dose-volume re-
lationship for RT-induced cardiac dysfunction has yet 
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been determined.30 In a study of long-term Hodgkin 
lymphoma survivors who received mediastinal RT with 
or without anthracyclines, STE was used to look at 
cardiac mechanics 2 decades after successful treatment. 
Global longitudinal strain was lower in patients who 
received RT plus anthracyclines (–16.1% ± 1.9%) or RT 
alone (–17.5% ± 1.7%) than in healthy control subjects 
(–20.4% ± 1.7%). Thus, RT combined with anthracy-
clines had an additional negative long-term effect on 
cardiac mechanics.31 A more recent meta-analysis in 
cancer survivors confirmed that thoracic RT was asso-
ciated with increased risk of heart failure at least 5 years 
after treatment.32 The hazard ratios reported were 2.7 
to 7.4 for Hodgkin lymphoma and 1.5 to 2.4 for breast 
cancer.32 In prospective studies under way, investigators 
are using STE, among other noninvasive and invasive 
imaging methods, and a wide range of biomarkers to 
elucidate the effects and mechanisms of RT-induced 
heart disease.33

Infiltrative Cardiomyopathy
Infiltrative cardiomyopathies are rare, difficult to diag-
nose, associated with poor outcomes, and late-occurring 
in the clinical course of systemic illness. They are all 
characterized by the abnormal deposition of substances 
in the myocardial cells or the intercellular matrix of the 
myocardium, which, if left unchecked, can lead to heart 
failure and even restrictive cardiac physiology. Infil-
trative cardiomyopathies frequently seen in oncologic 
patients are cardiac amyloidosis, iron-overload cardio-
myopathy (IOC), and lymphomatous involvement of 
the myocardium. Speckle-tracking echocardiography 
has proved useful in the diagnosis and prognosis of in-
filtrative cardiomyopathies.
 Cardiac amyloidosis is the infiltrative cardiomyopathy 
seen most often in cardio-oncology. A systemic disease 
usually diagnosed later in life,34,35 amyloidosis is caused 
by the extracellular deposition of misfolded β-pleated 
fibrils, leading to tissue and organ damage.36 The 2 most 
common types are transthyretin amyloidosis (ATTR) 
and immunoglobulin light-chain amyloidosis (AL). The 
transthyretin type often affects the elderly and in most 
cases involves only the heart.
 Iron-overload cardiomyopathy occurs most often 
in cancer patients with bone marrow infiltration or 
hema tologic malignancies who require recurrent blood 
transfusions, although it is classically associated with he-
mochromatosis.37 Chronic systemic iron overload even-
tually leads to the deposition of iron in the myocardium 
and subsequent reactive oxygen species formation, mi-
tochondrial damage, and cardiomyocyte death.38 Lym-
phomatous myocardial involvement is seen at autopsy in 
16% of patients with Hodgkin lymphoma and 18% of 
patients with non-Hodgkin lymphoma. Cardiac com-
promise occurs at a median of 20 months after initial 
lymphoma diagnosis.39 Previous studies in patients with 

IOC secondary to thalassemia major revealed a signifi-
cant reduction in GCS, GRS, and global end-systolic 
rotation. These abnormalities in myocardial deforma-
tion were seen despite a normal T2 score >20 ms on car-
diac magnetic resonance imaging scans, consistent with 
normal or minimal iron deposition.40,41 These findings 
suggest that myocardial iron overload is not the only 
mechanism underlying IOC, although it does play a 
central role in its development.42

 A worsening of longitudinal strain in IOC patients 
is the only independent predictor of adverse clinical 
events and death.43 In both AL and ATTR, left ven-
tricular GLS (LVGLS) is signif icantly reduced along 
the basal-to-apical gradient. Regional longitudinal 
strain is reduced mostly in the basal wall regions with 
apical sparing, leading to the typical “polar map” plot 
seen in color-coded LV strain displays.44,45 Reduced GLS 
is an independent predictor of survival in AL, and a 
decline in apical longitudinal strain is an independent 
predictor of major cardiovascular events in both AL 
and ATTR.46,47

Valvular Heart Disease
The association between RT and valvular heart disease 
(VHD) has been well documented since the 1960s.48 
Multiple studies have shown an increased rate of VHD 
after thoracic RT.24,49,50 Asymptomatic Hodgkin lympho-
ma survivors who received mediastinal RT were found 
to have VHD in 32% of cases at 6 years and 42% at 20 
years.51,52 As in the case of RT-induced CAD, the risk 
of VHD increases with higher radiation doses. In one 
study, for radiation doses of 30, 31–35, 36–40, and >40 
Gy to a given valve, the approximate 30-year cumulative 
risk of VHD was 3%, 6.4%, 9.3%, and 12.4%, respec-
tively.53 Despite providing evidence that anthracyclines 
increased the risk of valvulopathy, most of the studies 
cited above did not reveal the type or severity of valvular 
dysfunction. Therefore, it was not possible to distinguish 
intrinsic valvular pathology from mitral regurgitation 
in the presence of anthracycline-induced cardiomyopa-
thy.54,55 This issue was addressed, however, by a cross-
sectional study of lymphoma survivors who received 
high-dose anthracyclines with and without RT. In that 
study, the incidence of valvular disease (usually aortic 
valve degeneration) was greater in the chemotherapy- 
only group than in a healthy age- and sex-matched con-
trol group (14% vs 4%, P=0.002).56

 Over the last few years, various studies have proved 
the usefulness of STE in predicting outcomes in patients 
with VHD and their need for early surgical referral. In 
asymptomatic patients with chronic severe primary 
mitral regurgitation, LVEF is the main determinant of 
surgical intervention. Current guidelines recommend 
surgery in this patient population when there is evi-
dence of LV dysfunction, defined as an LVEF between 
0.30 and 0.60 or an LV end-systolic diameter ≥40 mm 
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(class I, level of evidence B).57,58 Despite early interven-
tion, however, postoperative LV dysfunction still occurs. 
In one study, a GLS greater than –19.9% on STE was 
a major independent predictor of postoperative LV dys-
function in asymptomatic patients with chronic severe 
primary mitral regurgitation.59 In another study, LVGLS 
was greater in patients who had severe mitral regurgita-
tion but no significant LV dilation or dysfunction than 
it was in control subjects because of the left ventricle’s 
hyper dynamic function during regurgitation.60

 Left ventricular GLS measured by STE has also been 
shown to be important in the risk stratification of pa-
tients with moderate-to-severe primary mitral regurgi-
tation and normal LVEF. In these patients, the absence 
of LV contractile reserve, defined as a >2% improve-
ment in GLS during peak exercise, was associated with 
a 2-fold increase in risk of cardiac events.61 In patients 
with asymptomatic severe aortic regurgitation, surgery 
is reasonable when the LVEF is ≥0.50 with severe LV 
dilation with an LV end-systolic dimension >5 cm or 
an indexed LV end-systolic diameter >2.5 cm/m2 (class 
IIa, level of evidence B).57,58 In a study of patients with 
chronic severe aortic regurgitation, preserved LVEF, and 
nondilated ventricles (LV end-systolic diameter index, 
<2.5 cm/m2), a decrease in LVGLS was significantly as-
sociated with increased long-term mortality (P <0.001), 
proving its prognostic value in this clinical situation.62 
In asymptomatic patients with chronic severe aortic ste-
nosis and normal LVEF, GLS can independently predict 
mortality and the need for aortic valve replacement.63,64 
Although none of the VHD studies reviewed in this 
section included cancer patients or survivors, we think 
that the concepts described are also applicable to patients 
with cancer therapeutics–related VHD.

Pericardial Disease
Pericardial diseases are often seen in cardio-oncology 
practice. Involvement of the pericardium can manifest 
itself in a spectrum of syndromes, including pericardi-
tis, pericardial effusion, tamponade, and constrictive 
pericarditis; and it usually has a major impact on over-
all outcomes. One study showed that pericarditis may 
be a marker of occult cancer and that it may predict 
increased risk of death after a cancer diagnosis.65 Peri-
cardial tumors, which are rarely primary, often result 
from metastatic lung and brain cancer, melanoma, and 
lymphoma. They are usually accompanied by recurrent 
pericardial effusions or tamponade and associated with 
a poor prognosis.
 Both RT and diverse chemotherapeutic agents can 
cause pericardial disease.66 Radiation-induced pericardi-
al disease can manifest itself as pericarditis, pericardial 
effusion, delayed thickening, and constrictive pericar-
ditis. Pericarditis can develop acutely after mediastinal 
irradiation at a dose >40 Gy.67 Pericardial effusions are 
usually diagnosed months or years after mediastinal RT, 

and these fibrinous exudates are often loculated.22,68 Con-
strictive pericarditis presents as newly diagnosed conges-
tive heart failure approximately 10 years after RT.69

 Speckle-tracking echocardiography plays an impor-
tant role in differentiating between constrictive pericar-
ditis and restrictive cardiomyopathy. In patients with 
constrictive pericarditis, the circumferential strain, 
torsion, and early diastolic apical untwisting veloci-
ties are markedly reduced. In contrast, in patients with 
restrictive cardiomyopathy, the longitudinal strain is 
reduced.70,71 In addition, detailed echocardiographic 
analysis of 3-layer longitudinal and circumferential 
strain and twist angle shows promise for helping to dis-
tinguish between various perimyocardial inflammatory 
syndromes, ranging from predominantly pericarditis to 
predominantly myocarditis.72

Case Reports

Various aspects of strain imaging provide information 
about cardiac mechanics and myocardial function. En-
suring that the myocardium is well traced on 2-dimen-
sional images so that only myocardial—as opposed 
to pericardial—speckles are being tracked helps vali-
date the strain data obtained in each particular study. 
Viewing the strain curves as a function of time and in 
comparison with the electrocardiogram (ECG) signal 
provides data about myocardial function throughout 
the cardiac cycle. However, evaluating all of these data 
in addition to interpreting the rest of a conventional 
echocardiogram takes considerable time, which may 
not be available in busy cardiology practices. A time-
saving, beneficial alternative involves recognizing pat-
terns of peak systolic strain on 17-segment polar maps, 
similar to interpreting the polar map of a myocardial 
perfusion study. In the medical literature and in clinical 
practice, longitudinal strain—as opposed to circumfer-
ential or radial strain—is the most frequently analyzed 
strain parameter.
 In each of the following case reports, a distinctive 
polar map of GLS peak systolic strain derived by STE 
is presented, along with a narrative from the clinician’s 
perspective. In each polar map, a dark red pattern in-
dicates normal function; a lighter red or pink pattern, 
dysfunction; and a blue pattern, the worst dysfunc-
tion.

Patient 1
 Normal Pattern. A 64-year-old man presented with 
shortness of breath that had persisted for several weeks 
and worsened over the previous 3 days. The patient’s 
medical history included parotid gland stage IV car-
cinoma, dyslipidemia, and hypertension; 3 years pre-
viously, he had undergone percutaneous coronary 
intervention (PCI) with a drug-eluting stent to treat 
CAD in the distal LAD. Clinical and laboratory evalu-
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ations revealed pneumonitis, pneumonia, and a mildly 
elevated troponin I level. Aspirin and ticagrelor that 
the patient had been taking were discontinued by his 
oncologist because of chronic thrombocytopenia. An 
echocardiogram showed an LVEF of 0.61 and a normal 
strain pattern (Fig. 1), supporting the clinician’s suspi-
cion of a noncoronary cause for the current abnormal 
troponin I biomarker findings. Over the next month, 
the patient’s pulmonary issues responded appropriately 
to medical therapy, and he had no further cardiac issues.
 The homogeneously red polar map (Fig. 1) indicated 
a normal longitudinal strain pattern in this patient. 
Used as a reference, this map highlights the glaring ab-
normalities in strain pattern seen on the polar maps in 
the following cases.

Patient 2
 Three-Vessel Coronary Artery Disease. A 72-year-old 
man with ischemic cardiomyopathy, an LVEF of 0.30 
to 0.35, and peripheral vascular disease presented with 
shortness of breath and coughing. The patient’s medical 
history included transient ischemic attack, dyslipidemia, 
chronic obstructive pulmonary disease, carotid steno-
sis, squamous cell carcinoma and presumed primary 
lung tumor treated with chemotherapy and radiation 
(completed 2 years previously), and ongoing cardio-
logic monitoring for CAD. Cardiac catheterization 4 
years before presentation had revealed a patent LAD, 

50% stenosis in the RCA, and an occluded left circum-
flex coronary artery (LCx) with right-to-left collateral 
vessels. Cardiac positron emission tomograms at pre-
sentation showed an LVEF of 0.34 with inferior and 
inferolateral hypokinesis.
 This patient’s longitudinal strain polar map (Fig. 2) re-
vealed a pattern of segmental dysfunction that matched 
the known coronary anatomy. The pink pattern indicat-
ed dysfunction in the RCA and LCx territories; the red 
band through the anteroseptal and apical wall segments 
indicated relative sparing of the LAD territory.

Patient 3
 Single-Vessel Left Anterior Descending Coronary Artery 
Disease. A 48-year-old man with non-small cell lung 
cancer presented with chest pain. An ECG showed ST-
segment elevations in the inferior leads and a QS pat-
tern in the anterior leads. Cardiac enzyme levels were 
elevated. An echocardiogram showed hypokinesis of the 
inferior, anterior, and apical segments and an LVEF of 
0.35 to 0.40. Emergency coronary angiograms revealed 
LAD occlusion with fresh thrombus, so PCI with bare-
metal stenting was performed.
 This patient’s longitudinal strain polar map (Fig. 3) 
revealed defects in the LAD territory, as indicated by 
pink in the basal-to-mid segments and blue in the apical 
segments, whereas the rest of the polar map was homo-
geneously red. This pattern fits with a proximal-to-mid-

Fig. 1  Patient 1. A polar map derived by speckle-tracking 
echocardiography shows a normal pattern of peak systolic strain 
of longitudinal myocardial fibers in a patient with a history of 
cancer and coronary artery disease. Note the homogeneous red 
pattern throughout, indicating normal function. 
 

ANT = anterior; ANT_SEPT = anteroseptal; ApLAX = apical long 
axis; AVC = aortic valve closure; Avg = average; A2C = apical 
2-chamber view; A4C = apical 4-chamber view; bpm = beats 
per minute; GLPS = global longitudinal peak strain; HR = heart 
rate; INF = inferior; LAT = lateral; LAX = long axis; MEAS = 
measurement; POST = posterior; SEPT = septal

Fig. 2  Patient 2. A polar map derived by speckle-tracking 
echocardiography shows the peak systolic strain of longitudinal 
myocardial fibers in a patient with 3-vessel coronary artery 
disease. The pattern of segmental dysfunction matches the 
patient’s known coronary anatomy abnormalities. 
 

ANT = anterior; ANT_SEPT = anteroseptal; ApLAX = apical 
long axis; Avg = average; AVC = aortic valve closure; AUTO = 
automated measurement; A2C = apical 2-chamber view; A4C = 
apical 4-chamber view; bpm = beats per minute; GLPS = global 
longitudinal peak strain; HR = heart rate; INF = inferior; LAT = 
lateral; LAX = long axis; POST = posterior; SEPT = septal
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LAD vessel occlusion causing substantial myocardial 
dysfunction distally in the vessel’s territory, concordant 
with the angiographic findings in this case.

Patient 4
 Single-Vessel Right Coronary Artery Disease. A 71-year-
old man presented for prostatectomy. His medical his-
tory included basal cell carcinoma of the neck treated 
by resection 6 years previously and revision one year 
previously, prostate cancer, and CAD treated by remote 
angioplasty of the proximal RCA. The patient had been 
regularly evaluated by a local cardiologist, and his most 
recent nuclear stress test results showed no evidence of 
ischemia. The patient reported no symptoms of chest 
discomfort or palpitations. He had been relatively ac-
tive, including walking 2 miles daily and using a push 
lawnmower without diff iculty. An echocardiogram 
showed an LVEF of 0.45 to 0.50 and mild hypokinesis 
of the inferior wall.
 This patient’s polar map (Fig. 4), although slightly 
more subtle than a typical polar map in its depiction of 
the myocardial defect in pink rather than blue, showed 
a pink-to-light red pattern in the basal-to-mid segments 
of the RCA territory, as opposed to the deeper red pat-
tern in other segments. This finding suggests residual 
myocardial dysfunction in the RCA territory after the 

angioplasty, as corroborated by the inferior-wall hypo-
kinesis seen echocardiographically. Of note, a nuclear 
stress test revealed normal perfusion and function, ap-
parently missing the myocardial dysfunction seen on 
echocardiograms.

Patient 5
 Single-Vessel Left Circumflex Coronary Artery Disease. 
A 67-year-old man with a history of metastatic prostate 
cancer and skin cancer was admitted for resection of a 
recurrent leiomyosarcoma of the right parietal and fron-
tal scalp. Postoperatively, the patient had an episode of 
hypotension marked by systolic blood pressure reach-
ing a nadir of 70 mmHg, ECG changes (ST-segment 
depression in the anterior and lateral leads), and elevated 
cardiac enzyme levels. The patient reported no chest 
pain, dizziness, or shortness of breath, and he had no 
history of cardiac disease. An echocardiogram showed 
an LVEF of 0.45 to 0.50 and mild hypokinesis of the 
lateral wall. Coronary angiograms showed a calcif ied 
lesion with 85% stenosis in the ostial LCx.
 This patient’s polar map (Fig. 5) revealed a large area 
of dark blue distributed through the basal-to-mid seg-
ments of the posterolateral wall that correlated with the 
LCx stenosis seen on the angiograms. This alerted the 
clinician to a degree of dysfunction and myocardium 

Fig. 3  Patient 3. A polar map derived by speckle-tracking 
echocardiography shows the peak strain of longitudinal 
myocardial fibers in a patient with single-vessel disease of the 
left anterior descending coronary artery. The defect is seen in the 
progression from red and pink in the basal segments to blue in 
the apical segments. 
 

ANT = anterior; ANT_SEPT = anteroseptal; ApLAX = apical long 
axis; AVC = aortic valve closure; Avg = average; A2C = apical 
2-chamber view; A4C = apical 4-chamber view; bpm = beats 
per minute; GLPS = global longitudinal peak strain; HR = heart 
rate; INF = inferior; LAT = lateral; LAX = long axis; MEAS = 
measurement; POST = posterior; SEPT = septal

Fig. 4  Patient 4. A polar map derived by speckle-tracking 
echocardiography shows the peak systolic strain of longitudinal 
myocardial fibers in a patient with single-vessel disease of the 
right coronary artery. Note the progression from pink to light 
red in the basal-to-mid segments of the right coronary artery 
territory. 
 

ANT = anterior; ANT_SEPT = anteroseptal; ApLAX = apical long 
axis; AVC = aortic valve closure; Avg = average; A2C = apical 
2-chamber view; A4C = apical 4-chamber view; bpm = beats 
per minute; GLPS = global longitudinal peak strain; HR = heart 
rate; INF = inferior; LAT = lateral; LAX = long axis; MEAS = 
measurement; POST = posterior; SEPT = septal
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at risk disproportionate to the relative mild dysfunction 
evidenced by the wall motion and LVEF alone.

Patient 6
 Pseudo Left Circumflex Coronary Artery Disease. An 
80-year-old woman presented with tachycardia and fa-
tigue that had persisted for several weeks. Her medical 
history included left upper lobe adenocarcinoma treated 
by left upper lobectomy 11 years previously, CAD treat-
ed by PCI with 2 stents, and osteoporosis. A computed 
tomogram of the thorax revealed widespread metastatic 
disease in the supraclavicular, mediastinal, right mam-
mary, and left hilar regions, and an apparent pericar-
dial mass at the base of the lateral wall involving the 
pericardium and myocardium. An ECG showed sinus 
tachycardia with poor R-wave progression. An echocar-
diogram showed an LVEF of 0.60 to 0.65 and diffuse 
pericardial thickening.
 This patient’s polar map (Fig. 6A) revealed an abnor-
mal pattern of LV peak systolic longitudinal strain at 
the location of infiltrative metastatic disease. The dark 
blue-to-pink pattern seen in the lateral and posterior 
wall segments of the map correlated with direct tumor 
infiltration of the myocardium, not with LCx stenosis 
as originally suspected. A chest computed tomogram 
(Fig. 6B) showed direct tumor infiltration of the myo-

cardium at the basal lateral wall, correlating with the 
territory affected by the defect shown on the polar map.

Patient 7
 Leukemic Infiltration Imitating Amyloidosis. A 13-year-
old boy with acute lymphocytic leukemia (ALL) 
presented with back pain and was admitted with bac-
teremia. His medical history included double-cord stem 
cell transplantation 6 months previously, complicated 

Fig. 5  Patient 5. A polar map derived by speckle-tracking 
echocardiography shows the peak systolic strain of longitudinal 
myocardial fibers in a patient with single-vessel disease of the 
left circumflex coronary artery. The distribution of blue in the 
lateral and posterior wall segments correlates with a defect in the 
circumflex coronary artery blood flow distribution. 
 

ANT = anterior; ANT_SEPT = anteroseptal; ApLAX = apical 
long axis; Avg = average; AVC = aortic valve closure; AUTO = 
automated measurement; A2C = apical 2-chamber view; A4C = 
apical 4-chamber view; bpm = beats per minute; GLPS = global 
longitudinal peak strain; HR = heart rate; INF = inferior; LAT = 
lateral; LAX = long axis; POST = posterior; SEPT = septal

Fig. 6  Patient 6. A) A polar map derived by speckle-tracking 
echocardiography shows the peak systolic strain of longitudinal 
myocardial fibers in a patient with pseudo left circumflex 
coronary artery disease. The distribution of blue in the lateral 
and posterior wall segments correlates with an area of tumor 
infiltration of the myocardium. B) A chest computed tomogram 
shows a mass (arrow) infiltrating the left ventricular basal lateral 
segments. 
 

ANT = anterior; ANT_SEPT = anteroseptal; ApLAX = apical long 
axis; AVC = aortic valve closure; Avg = average; A2C = apical 
2-chamber view; A4C = apical 4-chamber view; bpm = beats 
per minute; GLPS = global longitudinal peak strain; HR = heart 
rate; INF = inferior; LAT = lateral; LAX = long axis; MEAS = 
measurement; POST = posterior; SEPT = septal

A

B
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by multiple infections, gastrointestinal graft-versus-host 
disease, malnutrition, and weight loss. The patient’s 
condition deteriorated after admission, and he experi-
enced respiratory distress. A chest radiograph showed 
cardiomegaly. An echocardiogram was obtained and, 
on STE analysis, revealed the strain pattern shown in 
Figure 7. Subsequently, the patient was found to have 
leukemic infiltration of the heart, which led to complete 
atrioventricular block necessitating implantation of a 
permanent pacemaker and heart failure management.
 The typical polar map in patients with amyloidosis 
shows dark red distributed in the apical segments and 
light red-to-blue in the surrounding segments, indica-
tive of apical sparing. In this case, that pattern represent-
ed ALL infiltrating the myocardium and mimicking 
the strain pattern of amyloidosis (Fig. 7). Therefore, we 
think apical preservation can be a pattern of nonspecific 
infiltration, not specific to amyloidosis.

Patient 8
 Chemotherapy-Related Cardiotoxicity. A 59-year-old 
woman with a history of hypertension, breast cancer 
(treated with pertuzumab, trastuzumab, and docetax-
el, completed 6 months previously), and syncope due 
to dehydration had been monitored for cardiotoxicity 
while receiving trastuzumab. A baseline echocardiogram 

showed an LVEF of 0.59 and, on STE analysis, a GLS of 
–19%. Three months later, the patient’s LVEF was un-
changed, but her GLS had decreased to –15.2% (Fig. 8). 
Then, 3 months after that, a follow-up echocardiogram 
showed an LVEF of 0.44.
 The polar map at 3-month follow-up revealed some-
what patchy but almost global depression in strain 
percentages with normal LVEF. This f irst sign of 
myocardial dysfunction was seen 3 months before the 
dysfunction became evident by conventional LVEF 
measurement.

Patient 9
 Stress-Induced Cardiomyopathy. A 77-year-old man 
with a history of pancreatic cancer metastatic to the 
liver, dyslipidemia, cerebrovascular accident, left-lower-
extremity deep vein thrombosis, and gastrointestinal 
bleeding was admitted for fever and abdominal pain. 
Results of radiologic studies done on arrival showed 
biliary obstruction, leading to cholangitis and possible 
mesenteric ischemia with progression of the metastatic 
pancreatic cancer. An abdominal left external biliary 
drain was placed soon after admission, and sepsis sec-
ondary to ascending cholangitis was found. Cardiac en-
zyme levels were mildly elevated. An ECG showed sinus 
rhythm, moderate intraventricular conduction delay, 
ST-segment deviation, and moderate T-wave abnor-
mality in the anterolateral leads. An echocardiogram 

Fig. 7  Patient 7. A polar map derived by speckle-tracking 
echocardiography shows the peak systolic strain of longitudinal 
myocardial fibers in a patient with leukemic infiltration imitating 
amyloidosis. The distribution of dark red in the apical segments 
and light red-to-blue in the surrounding segments, a pattern 
indicative of apical sparing seen in amyloidosis, here indicates 
acute lymphocytic leukemia infiltrating the myocardium. 
 

ANT = anterior; ANT_SEPT = anteroseptal; ApLAX = apical 
long axis; Avg = average; AVC = aortic valve closure; AUTO = 
automated measurement; A2C = apical 2-chamber view; A4C = 
apical 4-chamber view; bpm = beats per minute; FR = frame 
rate; fps = frames per second; GLPS = global longitudinal peak 
strain; HR = heart rate; INF = inferior; LAT = lateral; LAX = long 
axis; POST = posterior; SEPT = septal

Fig. 8  Patient 8. A polar map derived by speckle-tracking 
echocardiography shows the peak systolic strain of longitudinal 
myocardial fibers in a patient with chemotherapy-related 
cardiotoxicity. Note the patchy, almost global depression in strain 
percentages. 
 

ANT = anterior; ANT_SEPT = anteroseptal; ApLAX = apical long 
axis; AVC = aortic valve closure; Avg = average; A2C = apical 
2-chamber view; A4C = apical 4-chamber view; bpm = beats 
per minute; FR = frame rate; fps = frames per second; GLPS = 
global longitudinal peak strain; HR = heart rate; INF = inferior; 
LAT = lateral; LAX = long axis; MEAS = measurement; POST = 
posterior; SEPT = septal
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revealed an LVEF of 0.40 to 0.45 and a wall-motion 
pattern consistent with stress-induced (takotsubo) car-
diomyopathy, or apical ballooning syndrome.
 In this case, the polar map pattern was the reverse of 
that seen for apical preservation in classic amyloidosis 
(Fig. 9). The blue-to-pink distribution in the mid-to-
apical segments correlated with the apical ballooning. 
The dark red in the basal segments correlated with pre-
served basal myocardial function.

Patient 10
 Suspected Infiltrative Process, Increased Left Ventricu-
lar Mass. A 52-year-old woman presented for evaluation 
of abnormal echocardiographic findings. Her medical 
history included hypertension, low-grade B-cell lym-
phoma with plasmacytic differentiation treated by au-
tologous stem cell transplantation, amyloid deposition, 
rheumatoid arthritis, Sjögren disease, thymoma treated 
by resection, and Waldenström macroglobulinemia. 
A progressive increase in LV mass had been noted on 
echocardiograms over the previous 7 months. The most 
recent echocardiogram appeared to show an infiltrative 
or increased mass of the LV.
 The patient’s polar map revealed an intense red pat-
tern with the highest deformation values in the apical 
segments, indicating apical preservation (Fig. 10). An 

endomyocardial biopsy was negative for amyloid on 2 
separate occasions 2 years apart.

Patient 11
 Amyloidosis. A 53-year-old man with a medical his-
tory of hypertension, dyslipidemia, atrial f ibrillation, 
multiple myeloma treated by autologous stem cell 
transplantation, and cardiac amyloidosis presented with 
lower-extremity edema. He reported no chest pain, 
shortness of breath, paroxysmal nocturnal dyspnea, or 
orthopnea. An ECG showed low voltage. An echocar-
diogram showed an LVEF of 0.40 and, on STE analy-
sis, a strain pattern indicative of amyloidosis. Of note, 
previous left-sided heart catheterization had revealed 
normal coronary arteries.
 This patient’s polar map revealed the classic bull’s-
eye pattern seen in cardiac amyloidosis (Fig. 11). The 
dark red at the apex and the surrounding pink-to-blue 
distribution indicated apical preservation.

Conclusion

Incorporating strain analysis into echocardiography has 
provided substantial diagnostic and prognostic benefit 
to the f ield of cardio-oncology. Myocardial deforma-
tion assessment by STE, an angle-independent method, 

Fig. 10  Patient 10. A polar map derived by speckle-tracking 
echocardiography shows the peak systolic strain of longitudinal 
myocardial fibers in a patient with a suspected infiltrative process 
and increased left ventricular mass. Apical preservation is 
evidenced by the intense red area with the highest deformation 
values in the apical segments. 
 

ANT = anterior; ANT_SEPT = anteroseptal; ApLAX = apical 
long axis; Avg = average; AVC = aortic valve closure; AUTO = 
automated measurement; A2C = apical 2-chamber view; 
A4C = apical 4-chamber view; bpm = beats per minute; 
GLPS = global longitudinal peak strain; HR = heart rate; INF = 
inferior; LAT = lateral; LAX = long axis; POST = posterior; 
SEPT = septal

Fig. 9  Patient 9. A polar map derived by speckle-tracking 
echocardiography shows the peak systolic strain of longitudinal 
myocardial fibers in a patient with stress-induced cardiomyopa-
thy. This is evidenced by the distribution of blue from the mid to 
apical region. The dark red in the basal segments correlates with 
preserved basal myocardial function. 
 

ANT = anterior; ANT_SEPT = anteroseptal; ApLAX = apical long 
axis; AVC = aortic valve closure; Avg = average; A2C = apical 
2-chamber view; A4C = apical 4-chamber view; bpm = beats 
per minute; FR = frame rate; fps = frames per second; GLPS = 
global longitudinal peak strain; HR = heart rate; INF = inferior; 
LAT = lateral; LAX = long axis; MEAS = measurement; POST = 
posterior; SEPT = septal
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can enable detection of subclinical LV dysfunction be-
fore it is perceptible by conventional echocardiography. 
Because STE is nontoxic and entails no exposure to 
ionizing radiation, it should be considered the cardiac 
imaging method of choice in most centers. However, it 
has certain limitations. Speckle tracking–derived strain 
is profoundly dependent on image quality throughout 
the cardiac cycle. In addition, the different strain pat-
terns described in the case reports presented here are not 
entirely specific for any given cardiovascular condition. 
Thus, STE cannot be used to establish a cause of disease 
without clinical correlation. Further research to better 
understand the full potential of myocardial strain imag-
ing by STE and its interpretation in cardio-oncologic 
care is warranted.
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